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Picosecond-Domain Radiation Pattern Measurement 
Using Fiber-Coupled Photoconductive Antenna 

Heeseok Lee, Jongjoo Lee, Student Member, IEEE, and' Joungho Kim, Member, IEEE 



Abstract — The photoconductive terahertz measurement tech- 
nique was used for measurement of the radiation pattern from 
thick metal slits. Picosecond pulses were generated and detected 
by an ultrafast optoelectronic technique using a femtosecond 
pulse laser and a subpicosecond photoconductor. Photocon- 
ductive sampling measurements of the polarization-dependent 
diffraction of the picosecond electromagnetic pulses showed the 
highly polarized radiation characteristics of the photoconductive 
probing antenna (PCPA) with the finite-difference time-domain 
simulation. The radiation patterns from the slits were measured 
using a fiber-coupled PCPA. Investigation of the spatiotemporal 
radiation pattern from a thick metal slit shows the usefulness of 
the present measurement setup for time-domain and broadband 
antenna characterization. Together with the time-domain radi- 
ation pattern, the frequency-domain radiation pattern from the 
experimental transient response is presented in both amplitude 
and phase. It is demonstrated that the time-domain radiation 
pattern measurement using the photoconductive terahertz ra- 
diation technique is a promising characterization method for 
millimeter-wave and submillimeter-wave antenna time-domain 
testing. 

Index Terms — Antenna measurement, photoconductive mea- 
surement, photoconductive sampling, spatiotemporal radiation 
pattern, terahertz radiation, time-domain antenna testing. 

I. INTRODUCTION 

MILLIMETER-WAVE (mm-wave) antennas have at- 
tracted considerable attention associated with the 
development of compact high-performance receivers, trans- 
mitters, and imaging arrays for automotive collision avoidance 
radar and mobile communication systems. Accordingly, for 
precise and efficient characterization of the required mm-wave 
antennas, more advanced high-accuracy measurement tech- 
niques are needed. So far, most antenna characterization work 
has been in the area of frequency-domain antenna measurement 
techniques, even though the antenna time-domain measure- 
ment (ATDM) technique has substantial advantages over the 
frequency domain method. The ATDM technique has inherent 
merits, including direct time-domain gating and having a 
simplified measurement setup [1], [2]. Any reflections caused 
by mismatch, and any unwanted multiple reflections in the 
antenna's range can be easily removed using the time-domain 
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gating method. Furthermore, any mismatch in the antenna 
network can be observed distinctively from the measured 
transient response. This is very helpful for antenna diagnosis 
[1], [2], However, the lack of a short electromagnetic pulse 
generator and picosecond sampling circuitry has restrained the 
development of the ATDM technique for the mm-wave antenna 
characterization and testing [3], 

The photoconductive sampling technique is used as an ultra- 
fast optoelectronic sampling method for acquiring guided and 
free-space propagating picosecond electrical pulses [4]-[ll]. 
It is one of the most promising solutions for transient mea- 
surements in the picosecond domain. Since photoconductive 
measurements are inherently synchronized, parasitic reflec- 
tions in the test environment can be easily removed. Moreover, 
the picosecond-duration transient response can be acquired 
with picosecond temporal resolution, using a femtosecond 
short-pulse laser with less than 100-fs pulse duration and a 
low-temperature-grown Ga-As (LT-Ga-As) photoconductor 
with subpicosecond response time. In this paper, the transient 
radiation pattern from metal (Cu) slits is presented to show 
the feasibility of the picosecond photoconductive sampling 
technique for the time-domain characterization of a mm-wave 
antenna. Using a photoconductive probing antenna (PCPA), 
transient pulses with less than a 3-ps rise time, and which 
had more than 70-GHz 3-dB frequency spectrum, were gen- 
erated and detected. In particular, a radiation pattern from 
the copper slit was measured using a freely positionable 
fiber-coupled PCPA. Since the thick-metal slit can be consid- 
ered as an open-ended parallel-plate waveguide, the presented 
measurement setup can be said to be useful for mm-wave 
antenna time-domain characterization. Many applications of 
photoconductive terahertz radiation and detection have been 
published [7]-[9]. These have described experiments, where 
objects were placed between the photoconductive detector and 
emitter. While these were mainly for spectroscopic purposes 
[9], there have been few applied to antenna testing. This paper 
demonstrates how the photoconductive terahertz measurement 
technique can be used for the time-domain testing of conven- 
tional mm-wave antenna. Moreover, this allows a wider range 
of antenna structures to be investigated than the antennas that 
are integrally fabricated into the generating structure presented 
in [8]. 

First, to show the highly polarized radiation characteristics 
of the picosecond electromagnetic pulses, using photoconduc- 
tive measurements, the measured time-domain waveforms and 
the radiation patterns are investigated by comparing the mea- 
sured transient response diffracted by metal slits with the the- 
oretical prediction calculated by the finite-difference time-do- 
main (FDTD) method [12]. 
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Fig. 1. (a) Schematic of the photoconductive measurement system for 
radiation pattern measurement. The distance between the PCPG and the 
PCPA is 4 cm. The spacing (c) between the PCPG and the slits is less than 
0.5 mm. (b) Schematic of the photoconductive antenna for the PCPG and 
the PCPA fabricated on an LT-Ga-As substrate attached to a hemispherical 
Si-lens. The thickness (t) of the LT-Ga-As substrate is about 600 /im, 
and D = 1500 //m. The size of the photoconductive gap: (gi) = 5/im; 
<72 = 20 /im; g 3 — 1500 /xm; L — 10 mm; and W — 40 fim. The pad size is 
1 mm 2 (P x P). The diameter of the hemispherical Si-lens is 12 mm. 



thick 4-mm wide copper slits between the PCPG and the PCPA, 
the spatiotemporal radiation patterns were measured; this is 
discussed in the following section. 

A mode-locked Ti-sapphire laser operating at 820 nm with a 
repetition rate of 76 MHz produced 100-fs duration pulses that 
were split into two beams, with one variably delayed with re- 
spect to the other. The first optical short pulse, modulated by 
a mechanical chopper at 2 kHz, was focused onto the photo- 
conductive switch of the pulse generator biased at 40 V for the 
picosecond pulse generation. The second optical pulse was cou- 
pled into a 50-cm-long multimode fiber (MMF) to activate the 
photoconductive switch of the PCPA. We found that the tem- 
poral waveform measured with the 50- cm MMF was same as 
the transient waveform measured without the MMF. Since the 
dispersion of the short laser pulse propagating through the MMF 
was less than 1 ps, the effect of the MMF on the transient re- 
sponse of the PCPA was considered to be negligible. The output 
of the fiber-coupled PCPA was connected to a lock-in amplifier 
whose amplified output was connected to the data acquisition 
system. 

By moving the position of the fiber-coupled PCPA, the spa- 
tiotemporal radiation pattern could be obtained as a function of 
position [X in Fig. 1(a)]. The polarization of the picosecond 
electromagnetic pulse generated by the pulse generator could 
be determined from the orientation of the photoconductive an- 
tenna. The direction of the generated electric field from the pulse 
generator is parallel to the direction of the dipole antenna in the 
PCPG. The distance between the PCPG and the PCPA was 4 
cm, and the spacing (c) between the PCPG and the slits was less 
than 0.5 mm. In the experimental measurement of spatiotem- 
poral radiation pattern, since the PCPG and the slit were tightly 
coupled, the diffraction of the terahertz beam radiated by the 
PCPG at the slit coupling was not considered to be a significant 
problem. Linear scanning measurements were made at every po- 
sition along the X direction, in spacings of 0.5 mm on a ver- 
tical-probing track, as shown in Fig. 1(a). 



II. Fiber-Coupled Photoconductive Antenna Setup 

The fiber-coupled PCPA system setup is illustrated in 
Fig. 1(a). The measurement setup consists of a photoconductive 
pulse generator (PCPG), a PCPA, a femtosecond short pulse 
laser, an optical delay, and a data acquisition system. The 
conventional photoconductive antenna, which is used for both 
the PCPG and the PCPA, has a photoconductive switch coupled 
with a short dipole antenna structure. The photoconductive an- 
tenna is designed to launch and detect terahertz radiation and is 
deposited on an LT-Ga-As epitaxial layer. The LT-Ga-As layer 
was grown by molecular beam epitaxy at 200 °C and annealed 
at 600 °C for 10 min to ensure a subpicosecond carrier lifetime 
[13]. The detailed structure of the photoconductive antenna 
is shown in Fig. 1(b). A hemispherical Si-lens is attached to 
both the PCPG and the PCPA for impedance matching be- 
tween the Ga-As substrate and free space. To demonstrate the 
highly polarized radiation from the photoconductive antenna, 
thick-metal slits were located at a fixed position between the 
PCPG and the PCPA. In the next section, the properties are 
discussed with the theoretical verification. On placing 10-mm 



III. Highly Polarized Radiation 

To exhibit the highly polarized electromagnetic radiation 
from the photoconductive antenna, the transient waveforms 
diffracted from the metal (Cu) slits were measured using the 
photoconductive apparatus at X = 0 in Fig. 1(a) and numeri- 
cally calculated using the FDTD method. In this experiment, 
since a 6-cm-diameter off-axis parabolic reflector between the 
PCPG and the metal slits was used to collimate the terahertz 
beam, the metallic slits were illuminated by the terahertz beam 
under the far field condition. In Fig. 2, the measured and the 
calculated results are given by the solid line and the dotted line, 
respectively. In the FDTD simulation, the incident waveform on 
the metallic slits was assumed to be the same as the waveform 
measured without slits, and a perfect electric conductor was 
used for the slits in the FDTD simulation. The temporal profiles 
of the TM-polarized pulses scattered through a 4-mm wide 
slit were very similar to the waveforms measured without 
a slit. For both 0.25-mm and 10-mm-thick metal slits, the 
profile of the original waveform was maintained. However, the 
temporal profiles of the TE-polarized pulse scattered through a 
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Fig, 2. Polarization-dependent diffraction of the picosecond pulse by the slits. The solid lines indicate the waveform measured by the PCPA, and the dotted lines 
represent the calculated waveform of the FDTD. For (a), the incident pulse is TM-polarized. For (b), the incident pulse is TE-polarized. In left ones, a 0.25-mm 
thick 4-mm-wide metal slit was used. In right ones, a 10-mm thick 4-mm wide metal slit was used. 



4-mm-wide slit were distorted. In particular, the TE-polarized 
pulse propagating through a 4-mm-wide and 10-mm-thick slit 
showed oscillation. 

Theoretically, the polarization-dependent diffraction can 
be explained by considering the boundary conditions in the 
electromagnetic scattering problem and using waveguide mode 
theory. Inside the slit, the electric field of the TE-polarized 
pulse must satisfy Dirichlet's condition, and the magnetic field 
of the TM-polarized pulse should fit Neumann's condition. In 
the slit, the TE-polarized field should be expanded as a sine se- 
ries, and the TM-polarized field should be expanded by cosine 
series. Hence, the dominant mode of the scattered field in the 
TM-polarized pulse is a uniform field (m = 0, TMrj) across the 
slit, whose temporal profile is not affected by the presence of 
the slit. This means that the propagation of the TM-polarized 
pulse can support a TEM-mode through the slits. However, the 
dominant mode of the scattered field in the TE-polarized pulse 
has a sinusoidal profile across the slit (m = 1, TEi). This results 
in a change of the temporal profile of the scattered picosecond 
pulse. In the case of the TE-polarized pulse given in Fig. 2(b), 
the phase-front passing through the metal slit is constructed 
from the multiple reflections occurring inside the slit. In other 
words, the wavevector (k) of the dominant propagation mode 



of the TM-polarized pulse is parallel to the y-axis (in Fig. 1). 
However, there is no propagation mode of the TE-polarized 
pulse with its wavevector parallel to y-axis. Therefore, when the 
TE-polarized pulse is incident to a metal slit, the slit can be con- 
sidered to be a cavity (or a band rejection filter), which is easily 
observed in Fig, 2(b). The oscillating frequencies correspond 
to the harmonics of the first resonant frequency at the metallic 
slit. The lowest resonant frequency can be found at the fourth 
oscillation of the transient waveform given in the right side of 
Fig. 2(b). In this figure, the oscillating period is about 25 ps, 
and it corresponds to the response of the 3.7-mm-wide metal 
slit. The discrepancy between the measured and the calculated 
waveform is considered to be due to the disagreement between 
the designed and the fabricated width of the metal slit. The late 
time responses shown in Fig. 2(a)-(c) are found at same period 
around 70 ps, which appeared at 50 ps after the main peak. 
Although the terahertz beam reflected at a parabolic reflector 
is known to be collimated, the terahertz ray is scattered at the 
edge of the parabolic reflector. The distance between the metal 
slit and the edge of the parabolic reflector was 2 cm. Since the 
center of the reflector was aligned to the center of the metal slit, 
the additional flight length (I) is obtained by (2 + /) 2 = 2 2 +3 2 . 
Since I is about 1.6 cm, the late time response is believed to be 
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Fig. 3. Radiation patterns with no slit, (a) and (b) show the spatiotemporal radiation pattern. (c)-{f) show the frequency-domain radiation patterns in amplitude 
and phase, (c) and (d) are the amplitude and the phase of the frequency-domain radiation pattern, respectively, (e) shows the amplitude and phase pattern at 40 and 
80 GHz. 



caused by the scattering at the edge of the parabolic reflector. 
Because 1.6 cm corresponds to 53.3 ps, in Fig. 2(d), this late 
time response was hidden by the strong oscillation of the 



transient response. While the parabolic metallic reflector was 
used in the experimental measurement, the incident wave was 
assumed to be a plane wave without the parabolic reflector in 
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(c) (d) 

Fig. 4. Radiation pattern using the 1 0-mm-thick 4-mm-wide TM-polarized metal-slit, (a) Spatiotemporal radiation patterns, (b)-(d) Frequency-domain radiation 
patterns in amplitude and phase, (b) and (c) are the amplitude and the phase of the frequency-domain radiation patterns, respectively, (d) Amplitude and the phase 
patterns at 40 and 80 GHz. The linear scanning was performed perpendicular to the slit. 



FDTD simulation. Therefore, there is no late-time response in 
the waveform calculated by FDTD simulation. The tendency of 
the scattering shown by the FDTD simulation agrees well with 
that of the measured waveforms and the theoretical prediction, 
implying that the highly polarized radiation characteristics 
of the photoconductive electromagnetic pulse generation 
have been successfully demonstrated. In addition, the close 
agreement between the measured and the calculated results 
confirms the fact that the polarization of the PCPG can be 
easily determined. 



IV. Spatiotemporal Radiation Pattern Measurements 

The radiation pattern shown in Fig. 3 was measured with no 
slit. Therefore, the spatiotemporal radiation pattern presented in 
Fig. 3 is that of the PCPG. The radiation patterns given in Figs. 4 
and 5 were measured by placing the 1 0-mm-thick 4-mm-wide 
copper slit between the PCPG and the PCPA. In Figs. 4 and 5, 



the metal slit was oriented parallel to the magnetic field of the ra- 
diated pulse from the PCPG (TM-polarized metal slit) and par- 
allel to the electric-field (TE-polarized metal slit), respectively. 
When the slit was placed in the TE-polarized orientation, the 
linear scanning was performed along the slit. The polarization 
of the incident pulse was easily changed by simply rotating the 
slit. Part (a) of Figs. 3-5 show the measured spatiotemporal radi- 
ation patterns. From Figs. 3(b), 4(a), and 5(a), the peak position 
of the measured waveform is delayed as the probing position 
is moved away from the center of the slit. This is caused by 
the following condition: because the radiation patterns are de- 
tected by linear scanning, the distance from the radiation source 
is varied for each scanning position X, In addition, it can be 
observed that the pulse is broadened as the probing position is 
moved away from the center of the aperture. This leads to the 
conclusion that the high-frequency radiation is diminishing as 
the radiation angle is increasing. 

Since the frequency- domain radiation pattern is more conven- 
tional for classic antenna engineering, The Fourier transforms 
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Fig. 5. Radiation pattern with the 10-mm-thick 4-mm-wide TE-polarized 
metal slit, (a) Spatiotemporal radiation patterns, (b) Frequency-domain 
radiation patterns in amplitude. The linear scanning was performed parallel to 
the slit. 



of the spatiotemporal radiation patterns are presented from the 
spatiotemporal radiation patterns. In Fig. 4(b) and (c), the broad- 
band radiation patterns are presented up to a few hundred giga- 
hertz. As shown in Fig. 4(d), the single-frequency radiation pat- 
terns in amplitude and phase are taken from Fig. 4(b) and (c) at 
40 and 80 GHz, in which the solid line indicates the 40-GHz ra- 
diation pattern, and the dotted line represents the radiation pat- 
tern at 80 GHz. Figs. 3(c), 4(b), and 5(b) remind us that the 
high-frequency radiation is diminishing as the radiation angle 
is increasing. 

The broadband radiation patterns are shown. While the 
amplitude information over 100 GHz is not accurate owing to 
the frequency spectrum limit, the phase information given by 
Figs. 3(d) and 4(c) is distinct, even at frequencies above 200 
GHz. The equiphase curves in Figs. 3(d) and 4(c) are more 
curved with increasing frequency. Since the phase term in the 
frequency domain is the product of the wavenumber propor- 
tional to the frequency and the distance (r) from the radiation 
source, the phase increases as r increases. As previously 
explained, because the scanning was performed by movement 
of a linear stage, r increases as X increases. As shown in 



Fig. 4(d), the slope of the phase at 80 GHz is larger than that at 
40 GHz. Comparing Figs. 3(d) and 4(c), the equiphase curves 
in Fig. 4 are more bent. In the experimental situation of Figs. 3 
and 4, r is effectively about 4 and 3 cm, respectively, at X = 0. 
Therefore, the increment of 7* with respect to the increment of 
X in the case of Fig. 4 is larger than that in the case of Fig. 3. 
From Fig. 5, the band-rejected pulse by the TE-polarized metal 
slit is observed. In this case, r must be same as that in the 
case of Fig. 3(d). While the TM-polarized slit regenerates 
the equiphase plane of the radiated pulse at the aperture of 
the metallic slit, the TE-polarized metal slit simply acts as a 
band-stop filter. 

In this case, since the secondary radiating structure of the 
thick metallic slit is placed at the near-field region of the primary 
radiation source of the PCPG, strictly speaking, the radiation 
pattern presented in Fig. 4 is not the diffraction pattern of the 
metallic slit with incident plane wave. Since the 10-mm-thick 
4-mm-wide slit used in this experiment can be considered as 
a secondary radiating structure, the radiation pattern shown in 
Fig. 4 is the E-plane radiation pattern of the 4-mm-wide aperture 
open-ended parallel-plate waveguide antenna tightly coupled by 
the PCPG. 

Consequently, the feasibility of the presented measurement 
for time-domain characterization of the mm-wave antenna is 
shown. Moreover, commercially available mm-wave antenna 
systems consist of two antenna structures. One is the feed an- 
tenna, which is usually a dipole or loop antenna, and the other 
is a secondary radiating structure to improve the radiation pat- 
tern. Mostly, the secondary antenna is placed in the near-field 
region of the feeding antenna. Therefore, the presented PCPG 
can be considered as a feed antenna, whose frequency spectrum 
covers the mm-wave region, and thus the characterization of a 
radiating structure (secondary antenna) fed by the PCPG can be 
easily performed using the present measurement setup. This al- 
lows a wider range of antenna structures to be investigated than 
the antennas that are integrally fabricated into the generating 
structure described in [8]. 

The radiation pattern measured by the PCPA corresponds to 
the convolution product of the radiated pattern of the radiating 
structure and the response of PCPA. Because the probe used in 
the present experiments includes the 0.6-mm Ga-As substrate 
and a high index material such as a silicon lens, the measured 
radiation pattern is perturbed. To minimize the effect from the 
response of the probe antenna, a micro-machined photoconduc- 
tive probe recently developed by the authors [15], or the elec- 
trooptic sensors presented in [16]— [18], can be used in replace- 
ment of the present PCPA. 

V. Conclusion 

The radiation patterns from metal slits were measured using 
a fiber-coupled PCPA. The overall agreement between the mea- 
sured results and the theoretical predictions by FDTD simu- 
lation present a convincing demonstration of its highly polar- 
ized radiation properties and of the usefulness of the photocon- 
ductive sampling method for time-domain mm-wave antenna 
testing. It demonstrates the practical use of the picosecond pho- 
toconductive sampling technique for the time-domain charac- 
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terization of mm-wave antennas. In particular, the present mea- 
surement technique will be very useful for broadband antenna 
time-domain characterization. The recent introduction of com- 
pact short pulse fiber lasers [14] means that the measurement 
setup can be built on a small table, showing the high potential 
and usefulness of the present photoconductive sampling tech- 
nique for practical time-domain antenna tests. 
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You are invited to file your observations and insofar as the deficiencies are such as to be rectifiable, to correct 
the indicated deficiencies within a period 

of 4 months 
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said period on separate sheets (R. 50(1) EPC). 

Failure to comply with this invitation in due time will result in the application being deemed to be 
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The examination is being carried out on the following application documents: 
Description, Pages 

1- 42 as originally filed 
Claims, Numbers 

2- 8 as originally filed 

1 received on 03.07.2008 with letter of 

03.07.2008 

Drawings, Sheets 

1/1 4-1 4/1 4 as originally filed 

1 . Reference is made to the following documents; the numbering will be adhered to 
in the rest of the procedure: 

D1: EP-A-0 354 308 (IBM [US]) 14 February 1990 (1990-02-14) 

D2: GB-A-2 371 618 (TERAPROBE LTD [GB]; TERAVIEW LTD [GB]) 31 July 

2002 (2002-07-31) 

The following document D3 is cited by the Examiner found in a further search (see 
Guidelines C-VI, 8.2 and 8.3). A copy of the document is annexed to the 
communication and the numbering will be adhered to in the rest of the procedure: 

D3: XP 11061969 "Picosecond-domain radiation pattern measurement using fiber- 
coupled photoconductive antenna" Heeseok Leek et al. IEEE Journal on selected 
topics in quantum electronics, vol. 7, N° 4, July/August 2001 . 

2. The application does not meet the requirements of Article 84 EPC, because claim 
1 is not clear. 

Claim 1 does not meet the requirements of Article 84 EPC in that the matter for 
which protection is sought is not defined. The claim attempts to define the 
subject-matter in terms of the result to be achieved ("for performing switching 
between a first state where an electromagnetic wave output from the transmitter is 
input directly into the receiver through the transmission line without being radiated 
to the space via the antenna and a second state where an electromagnetic wave 
output from the transmitter to the transmission line is radiated via the antenna and 
an electromagnetic wave in the frequency band is received by the antenna and 
the received electromagnetic wave is input into the receiver through the 
transmission line"). Such a definition is only allowable under the conditions 
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Datum m ^ ^ « « ^ Blatt _ Anmelde-Nr.: 

Date 18.09.2009 Sheet 2 Application No.: 07 150 006.0 

Date Feuille Demande n°: 



elaborated in the Guidelines C-lll, 4.10. In this instance, however, such a 
formulation is not allowable because it appears possible to define the 
subject-matter in more concrete terms, viz. in terms of how the effect is to be 
achieved. 



3. The present application does not meet the requirements of Article 52(1 ) EPC 
because the subject-matter of claims 1,4,5,7 and 8 is not new within the 
meaning of Article 54(1 ) and (2) EPC. 



3.1 . Document D3 discloses (the references in parentheses applying to this 
document): 

An electromagnetic wave control device (abstract), comprising as arranged on a 
substrate (figure 1 (b)): 

a transmitter (page 668, left-column, lines 8-10) for outputting an electromagnetic 
wave of a frequency band ranging from 30 GHZ to 30 THZ (abstract); 
a transmission line (figure 1 (b)) for propagating the electromagnetic wave of the 
frequency band output from the transmitter; 

a receiver (page 668, left-column, lines 8-10) for receiving an electromagnetic 
wave of the frequency band through the transmission line; and 
an antenna (figure 1 (b), "Short dipole antenna") for radiating the electromagnetic 
wave output from the transmitter and propagated through the transmission line to 
the space or receiving the electromagnetic wave of the frequency band to be input 
into the receiver through the transmission line (figures 1, 2), 
the device further comprises a switch (page 668, left-column, lines 5-8) for 
performing switching between a first state where an electromagnetic wave output 
from the transmitter is input directly into the receiver through the transmission line 
without being radiated to the space via the antenna and a second state where an 
electromagnetic wave output from the transmitter to the transmission line is 
radiated via the antenna and an electromagnetic wave in the frequency band is 
received by the antenna and the received electromagnetic wave is input into the 
receiver through the transmission line. 

The subject-matter of claim 1 is therefore not new (Article 54(1) and (2) EPC). 

3.2. Document D3, figure 1 (b) discloses the additional features of dependent claims 4, 
5 and 8. 

Document D1 , abstract discloses the additional features of dependent claim 7. 
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4. The present application does not meet the requirements of Article 52(1 ) EPC 
because the subject-matter of claims 2, 3 and 6 does not involve an inventive 
step within the meaning of Article 56 EPC. 

According to what is disclosed in document D3, the person skilled in the art would 
consider as obvious the additional features of dependent claim 2, providing no 
surprising effect and rendering the subject-matter of such claim not inventive. 

The additional features of dependent claims 3 and 6 are merely one of several 
straightforward possibilities which the skilled person would select, depending on 
the circumstances, without exercising inventive skill. 

5. In the event of a continuation of the procedure, the applicant is invited to take 
account of the following: 

5.1. To meet the requirements of Rule 42(1 )(b) EPC, the documents D1-D3 should be 
identified in the description and the relevant background art disclosed therein 
should be briefly discussed. 

5.2. To meet the requirements of Rule 43(1 ) the independent claims should be 
properly recast in the two-part form. 

5.3. The features of the claims should be provided with reference signs placed in 
parentheses to increase the intelligibility of the claims (Rule 43(7) EPC). This 
applies to both the preamble and characterising portion (see the Guidelines, C-lll, 
4.19). 

5.4. In order to facilitate the examination of the conformity of the amended application 
with the requirements of Article 123(2) EPC, the applicant is requested to clearly 
identify the amendments carried out, irrespective of whether they concern 
amendments by addition, replacement or deletion, and to indicate the passages of 
the application as filed on which these amendments are based. 

If the applicant regards it as appropriate these indications could be submitted in 
handwritten form on a copy of the relevant parts of the application as filed. 
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